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Stabilized Peptides 

Field of the Invention 

A common prindple of the structure of many naturally occurring proteins is the 
presence of helical domains. .Usually, such helical parts of proteins contain 20-30 
amino add residues and are a typical element of the secondary structure of 
proteins. Typical eicamples of such proteins are cytoldnes lIKe interteuMn Z 
(MaJewsM 1996) . interieukin 4 (Gustchina et al. 1997, 1995) and interieukin 6 
(Somers et al. 1997), but others like eiythropolefln also contain helical 
substructures (SytkowsM and Grodberg 1997). w^ich usually partidpate in the 
cytokine/receptor interactions. In such proteins helices are frequently assembled 
around a hydrophobic core, to which hydrophobic amino add residues project 
Around this core they fbrm tertiary structures, for which colled coil interactions of 
the type also caDed "leudne zipper" are typical (N^eth et al. 1994). By this overall 
constructive prindple, such helbc4Njndle cytokines project their contact surface to 
the outside of the molecule, while the hydrophobic core forms a stable anchor, 
around which the helital subdomalns duster. The surtece tension of the 
surrounding aqueous solvent thus is the source of forces, whidi finally stabilizes 
the helical parts around the hydrophobic core. 

Binding domains of such helix-bundle type cytoldnes are interesting parts of the 
molecule and it is tempting to Just take the sequence of 20>3D amino adds and to 
use this part of the molecule alone to bind to the receptor (Theze et al. 1999). This 
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would aim and would be suitable for both antagonistic or agonisdc approaches to 
minlnnlzed cytokines or cytoldne antagonists. Moreover, such short stretches can 
be obtained in a relatively uncomplicated manner by means of classical chemical 
solid phase peptide synttiesis of the Menifield-type. 

Object of the invention 

However, reduction' to smaller peptides . takes away the above mentioned 
constnjctive principles and short peptides of 30 amino acids are only partially 
helical in aqueous solutions (Th^e et al. 1999). The hydrophobic side chains, 
which projected to the former core part of the complete ^tokine are now 
projecting into the aqueous surrounding, which is a destabilizing factor for the helix 
and induces a tendency of such molecules to aggregate in irregular dusters. Such 
clusters might have some residual activity, but sometimes this is just due to 
irregular iigand/receptor interactionSi which are different from the natural type of 
interacQons (Eckenberg et al. 2000; Theze et al. 1999). The helical structure, 
which Is needed to bind to the receptor molecules is thus not stable In water. 
Frequently, the overall helical content, measured by circular dichroism is below 
50%. This does not even mean that 50% of the molecules are completely helical, 
but indicates that the average over all helical Interactions Is 50%. The actual 
concentration of completely helical molecules which are needed for adequate 
binding, is not known and certainly much smaller than 50% of the apparent molar 
concentration. For all these reasons, the binding constants of small peptides to a 
• given receptor usually do neither qualitatively nor quantitatively match the c^kine 
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receptor interactions although they might harbour a sequence-identical subpart of 
the molecule. 

For the isolation of helical structures from proteins, e.g. cytokines, one has to 
• solve the problem of stabilisation of helices by means of other methods than 
assembly around a large hydrophobic core. 

Several approaches- have been reported for stabilizing alpha-helical peptides. 
Stabilization can be achieved by addition of trifluorethanol or hexafluorlsopropanol 
(Sung and Wu 1996). A variety of non-covalent side c^ain constraints have been 
reported including incorporation of metal chelates, salt bridges, and hydrophobic 
interactions. However, the non-covalent strategies suffer from a number of 
disadvantages: 

Solvents lilce trifluoroethanoi or hexafluorisopropanol increase helical content, but 
can not be used in pharmaceutical preparations and are certainly not present In 
sufficient concentrations in vivo. 

Metal chelates and salt bridges induce very large highly polar groups, which - in 
case of small peptides - are likely to negatively influence the binding to the 
receptor as well as pharmacokinetic properties of a given molecule. In case of 
metal chelates only non-toxic metals can be used for pharmaceuttcally relevant 
preparations. 
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Hydrophobic interactions are difficult to control. In-egular aggregation and 
undesired intermolecular interactions usually form problems, which induce a great 
loss in active substance being available after a complex synthesis and preparation 
protocol. Sometimes, only the use of strong detergents and/or organic solvents is 
able to control aggregation thoroughly. Again, such preparations are difficult to 
apply to the intended pharmaceutical targets. 

Thus, one of the most successful strategies Is the stebilteation of alpha-helicai 
peptides by covalent bridges which connect the side chains of two appropriately 
located amino acids. Appropriately implies that the side chains of these amino 
acids do not participate in the intended binding sites. Moreover, they should 
stebilize two helical turns, which means a step of 7 amino acids in the sequence. 
Bridges which connect two sidechains at positions i and can stabilize the helix 
with little perturbation on heibc conformation. Once the helical conformation is 
enforced by such a constnjct, the overall helical content improves strongly and the 
total helical conformation of the peptide becomes kinetically favoured. The 
constraints of peptides by lactamization (Huston et aL 1995), amides (Braisted et 
al. 1998; Braisted et ai. 1997) or disulfide bonds (Jackson et al. 1991) have been 
described. However, all these strategies suffer from the disadvantege, that the 
synthetic strategy has to be designed such that the closure of the. constraint 
structure of the side chain is possible. In case of disulphide bonds, this becomes 
difficult as soon as other disulphide bridges have to be closed. 
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Summary of the invention 

The present invention therefore presents modules, from which helical constraints 
can be built by very flenble strategies. The peptide bonds involved pailialjy 
compensate the hydrophobic nature of the disulphlde bonds, which are also 
included into the constraint strategy. Thus, the Invention presents solutions, by 
means of which peptide bonds or closure of disulphide bridges can be used 
alternatively for closure of the constraint This offers greater synthetic flexibility. 
Moreover, the peptide bonds are more hydrophiiic than disulphide bridges alone 
and offer the advantage of better solubility of the product in an aqueous 
surrounding. It is possible to attach solvation tags iiice glycos^ moieties, 
polyethyienglycoi or other suitable extensions or appendices to the helical 
constraint structure. Usually, such a hydrophiiic helical constraint stnjcture 
replaces two hydrophobic amino acid side chains and thus impnaves 
pharmacologic properties of the molecule. 

Detailed description of the invention 

in general, the invention provides structures which can be adapted to almost every 
syntheUc problem during the synthesis of helically stabilized peptides. Structurally, 
the bridges, which are constructed alongside the sequence of the peptide, 
comprise a flexible covalent baddaone with at least one amide bond and one 
disulphide bond. Closure of the bridge by the disulphide bond will e. g. be a good 
way of formation of tiie bridge. But if necessary, the bridge can be closed e.g. by 
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on-resin Closure of one peptide bond, while the disulphlde bridge was already 
Introduced as a ready to use budding block. The skilled person knows other 
possible ways or Is able to find other possible ways for performing the invention 
after reading and understanding the present desciiptfon of the invention. 
Betow, a series of sbc general formulas Will present the whole range of the 
Invention. The Invention encompasses helical constrained peptides represented 
by formula (1) to (7). 

Fonmula (1) represents a compound 

ICO) - (NM) - (CWz) b- (CO) - (NW) - (CWz) c-S-S 

, . I (1) 

(CW2)a (CW2)a 
X- (NH) - (CH) - (CO) Y CNH) - (CH) - (CO) -Z 

wherein X Is hydrogen or any amino add or any peptide. Y is any amino add 
sequence consisting of six amino adds, Z is hydroxyl or any amino add or any 
peptide, a. b, c and d are Independentiy selected from the Integers 1 to 3, 
provided that a+b+o*d is any Integer In the range from 5 to 9; at each Independent 
position of W. W can be freely chosen from hydrogen, a hydroxy!-, carboxyl- or 
amino group, an alkyi moiely wKh at least one hydroxyl-. carboxyl- or amino group, 
a polyethyleneglycol moiely, or a naturally occurring or artifidal sugar molecule, 
and the peptides can consist of natural and/or unnatural D- and/or L-amIno adds. 
Examples 1 to 4 demonstrate the application of this fomnula. 
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Formula (2) represents a compound 

(CO) - (WW) - (CW2)i,-S-S 

I I (2) . 

(CW2)a (CM2)d 

I I • 

X- (NH) - (CH) - (CO) -Y- (NH) - (CH) - (CO) -Z 

wherein X Is hydrogen or any amino acid or any peptide, Y is any amino acid 
sequence consisting of six amino acids, Z is hydros^ or any amino acid or any 
peptide, a. b and d are independently seleiM from the integers 1 to 5, provided 
that a-t-b-t-d is any integer in the range from 7 to 11; at each independent position 
of W, W can be freely chosen from hydrogen, a hydroi^-, caibos^. or amino 
group, an alM moiety with at least one hydro)^!-. carboxyi- or amino group, a 
polyethyieneglycol moiety, or a naturally occuning or artificial sugar molecule, and 
the peptides can consist of natural and/or unnatural D- and/or L-amine acids. 
Example 5 fllustrates tiiis fbmujla. 

Formula (3) represents a compound 

(NW) - (CO) - (CWj) b-S-S 
I I (3) 

(CW2)a (CWz)^ 
I I 

X- (NH) - (CH) - (CO) -Y- (NH) - (CH) - (CO) -Z 

Wherein X is hydrogen or any amino acid or any peptide, Y Is any amino acid 
sequence consisting of six amino acids. Z Is hydroxyl or any amino acid or any 
peptide, a, b and d are independently selected from the integers 1 to 5, provided 
that a+b+d is any integer in the range from 7 to 11; at each independent position 
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of W. W can be freely chosen from hydrogen, a hydrojqfK carboxyl- or amino 
group, an aJkyI moiety wUh at least one hydroxyl-. carboxyl- or amino group, a 
polyethyleneglycol moiety, or a naturally occurring or artificial sugar molecule, and 
the peptides can consist of natural and/or unnatural D- and/or L-amino acids. 
Example 6 illustrates this fomiula. 

Formula (4) represents a compound 

S-s- (CW^) b- (NW) - (CO) - (CWz) c- (NW) - (CO) 

I . I (4) 

(CW2)fl (CWz)ft 

X- (NH) - (CH) ' (CO) Y (NH) (CH) - (CO) -Z 

wherein X Is hydrogen or any amino acid or any peptide or any compound 
represented by formula (1) to (2). Y is any amino add sequence consisting of six 
amino acids. Z Is hydroxyl or any amino acid or any peptide or any compound 
represented by formula (1) to (6). a, b, c and d are independently selected from 
the integers 1 to 3. provided that a+b+oHi is any Integer in the range from 5 to 9 
and the peptides can consist of natural and/or unnatural E)- and/or L-amino adds; 
at each Independent position of W, W can be fteely chosen from hydrogen, a 
hydroxyl-. carboxyl- or amino group, an alkyi moiety with at least one hydroxyl-, 
carboxyl- or amino group, a polyethyleneglycol niolety. or a naturally occuning or 
artificial sugar molecule, and the peptides can consist of natural and/or unnatural 
D- and/or L-amIno acids. Example 7 Illustrates the application of this formula. 
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Formula (5) represents a compound 

S-S- (CWa) b- (NW) - (CO) 

I I (5) 

(CWj)ei (CW2)a 

I I 
X- (NH) - (CH) - (CO) -y- (NH) - CCH) - (CO) -Z 

Wherein X is hydrogen or any amino add or any peptide or any compound 
represented by formula (1) to (6), Y is any amino acid sequence consisting of six 
amino acids, Z is hydroxyl or any amino acid or any peptide or any compound 
represented by formula (1) to (6). a, b and d are Independently selected from the 
Integers 1 to 5, provided that a+b+d is any Integer In the range from 7 to 11 and 
the peptides can consist of natural and/or unnatural D- and/or L-amino acids; at 
each independent position of W. W can be freely chosen from hydrogen, a 
hydroxy!', caiboxyl- or amino group, an all^ moiety with at least one hydroxyl-. 
carfooxyl- or amino group, a polyethyleneglycol moiety, or a naturally occurring or 
artificial sugar molecule, and the peptides can consist of natural an&or unnatural 
D- and/or L-amino adds. Example 8 Illustrates this type of Ibnnula. 

* • • • 

Formula (6) represents a compound 



S-S- (CW2) t,- (CO) - (NW) 

I I 
(CMa)rt (CWz)a 
I I 
X- (NH) - (CH) - (CO) -Y- (NH) - (CH) - (CO) -2 



(6) 



wherein X is hydrogen or any amino acid or any peptide or any compound 
represented by formula (1) to (6). Y is any amino add sequence consisting of six 



Enipf.2eit: 16/10/2003 17:10 



Fnipf .nr :9rW P ni7 



16.OKT.2003 17:08 



DOMPATENT VON KREISLER KOELN 



NR. 4476 S. 18/42 



- 10 - 

amino adds. Z is hydroxyl or any amino acid or any peptide or any compound 
represented by formula (1) to (6). a, b and d are independently selected from the 
Integers 1 to 5, provided that a+b+d is any Integer in the range from 7 to 11 and 
the peptides can consist of natural and/or unnatural D- and/or L-amino acids; at 
each independent position of W, W can be freely chosen from hydrogen, a 
hydroxyl-. carboxyl- or amino group, an alkyi moiety with at least one hydroxyl-. 
carboxyl- or amino group, a polyethyleneglyool moiely» or a naturally occurring or 
artificial sugar molecule, and the peptides can consist of natural and/or unnatural 
D- and/or L-amino acids. Examples 9 and 10 Illustrate the application of this 
fonnula. 

Amino acids described in this invention can be of the naturally occuring L 
stereoisomer fbmi as well as the enantiomeric D fbnn. The one-letlar code refers 
to the accepted standard polypeptide nomenclature, but can mean alternatively a 
D- or L-amino acid: 



Code amino acids 

A L-Alanine or D-Alanlne 

V L-Vaiine or D-Valine 

L L-Leuclne or D-Leucine 

I L-lsoieucine or D-lsoleucine 

« 

M L-Methionine or D-Methionine 

F L-Phenylalanine or D-Phenylalanine 
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Y 


L-Tyrosine or D-Tyro8ine 


W 


L-Tryptophan or D-Tryptophan 


H 


L-Histidine ord-Histicline 


S 


L-Serine or D-Serine 


T 


L>Thr8onine or O-Threonina 


C 


L-Cysteine or D-Cysteine 


N 


L-Asparagine or D-Aspaiaglna 


Q 


L-Glutamine or D-Glutamlne 


D 


L^Asparflc add or D-Aspartic acid 


E 


L-Glutamic add or D-Glutannic add 


K 


L-Lyslne or D-Lysine 


R 


L-Aitjinine or D-Arginine 


P 


L-Proline or D-Proline 


G 


Giydne 



By way of a non-limiting example a constraint tniilding block was prepared as 
follows. 

Cysteamine (lOmmol) was dissolved in 20ml trifluoroacetic add. The solution was 
stinred at room temperature and a solution of acetamldomettianol (12mmol) was 
added dropwise over a period of 30 minutes. The mixture was stined for additional 
120 minutes and the volatile parts removed in vacuo. The residue was dissolved 
in 80ml water and the pH adjusted to 9. The product was then extracted with 
chloroform/isopropanol (3/1) and the solvents removed in vacuo. The cmde 
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product was then dissolved in a minimum of DCIVI and ttiis solution added to a 
mixture of BOC-IWMa (lOmmol). CI-HOBt (lOmmol). DIEA (lOmmol) and DIG 
(ZOmmol) in a minimum of DCM. After 12 liours the solution was washed with 
satured sodlumhydrogencarbonate, sodiumhydrogensulfate and sodiumchloride. 
dried over sodlumsul^ta and the solvent removed In vacuo. The residue was 
dissolved in 10ml trifluoroaceflc add and stin^d for 60 minutes. Trifluoroacetic 
add was then removed by coevaporaHon vnXh DCM and the residue dissolved in 
DCM. The solution was neutralized by addition of DIEA and poured Into a mixture 
of Fmoo-Glu-OtBu (lOmmol). Cl-HOBt (lOmmol), DIEA (lOmmol) and DIC 
(ZOmmoO. After 12 hours the solution was washed with satured 
sodlumhydrogencarbonate, sodiumhydrogensulfete and sodiumchloride. dried 
over sodiumsul^e and the solvent removed in vacuo. The residue was dissolved 
in 10ml trifluoroacetic acid and stirred for 60 minutes. Trifluoroacetic add tiien was 
removed by coevaporation with DCM and the residue dissolved In DCM. The 
crude constraint building block was purified by HPLC on a Kromasil C-18 column, 
eluted with acetonitrlleAMater gradient confining 0.1% v/v trifluoroaoetic add and 
lyophylized. 

The sequences given In the examples below harbour target specific sequences, 
which can be used in tiie way des^ibed below, but might be modified writtiout loss 
of desired action by means of single or multiple amino add exchange operations. 
A substitution mutation of tills sort can be made to change an amino add in the 
resulting peptide in a non-conservative manner (I.e. by changing an amino add 
belonging to a grouping of amino adds having a particular charge or size or other 
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characterisWcs to a grouping of amino acids with other grouping parameters) or in 
a consen/atlve manner (I.©, by clianging amino acids within one grouping of 
amino acids). Such a conservative change generally leads to less change in the 
structure and function of the resulting protein. A non-conservative change is more 
likely to alter the stmcture, activity or tuncHon of the resulting protein, although - If 
done at the right place - might be without deleterious eff&A on the target- 
interactions. The present invention should be considered to Include sequences 
containing oonsen/ative and non-conservative changes, which do not significantly 
alter the activity or binding characteristics of the resulting modified peptide as 
compared to the original sequence. The following is one example of various 
groupings of amino acids: 

Amino acids with nonpolar R Groups: 

Alanine, Valine. Leucine, Isoleucine, F'roline, Phenylalanine, Tryptophan, 
Methionine 

Amino acids witti uncharged polar R Groups: 

Glycine. Threonine, Serine, Cysteine, Tyrosine, Asparagine, Glutamine 

Amino Acids with charged polar R groups (negatively charged at pH 6): 
Aspartic Acid and Glutamic Add 
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Basic Amino Acids (positively charged at pH 6) 
Lysine, Arginine, Histidine 

Amino Adds with phenyl groups: 

Phenylalanine. Tryptophan, Tyrosine 

ParUculariy prefenred conseivative substitutions are: Lys for Arg and vice versa; 
GIu for Asp and vice versa; Ser far Thr and vice versa; Gin for Asn and vice versa. 

IVIorBover, the Invention includes modifications of the given binding regions of the 
peptide by amino adds, which transfer specific desired properties to the peptide. 
Such Improvements Include N- and/ot C-terminal modifications, which protect the 
peptides against exopeptldas deavage. Preferred solutions of this problem include 
the use non-natural amino adds in terminal positions. espedaHy preferred is the 
use of D-amino adds. Non-conservative exchanges inside the peptide sequence 
might be used to transfer better water solubility to non-binding but hydrophobic 
regions of the peptide. Chelating amino adds in N- or C-termlnal postions can be 
use to enable the peptide to bind to metal-activated surfaces in order to assist 
purification and refolding during the production process. 
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Examples 



Example 1: 



T— K-K-T— Q-L-Q-L— B-H-Q-L— L-D—L— Q-M-i— L— N-G— I— N-N 



Th& bridge in example 1 connects the side chains of glutamine ^iu^ic acid 
respecUvely) and cysteine via beta-alanine and 2-amtnoetlianthiol. This compound 
represents an antagonist for the interieuldn-2 receptor. 

The last step of the synthesis of the c^dic helical constraint bridge is normally the 
formation of a disulfide bridge: 




mo 
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Example 2: 



T-K-K-T-a-L-Q-L-E-H-Q-L-L-D-L-Q-M-C— L-N-G-l—N-N 

The bridge in example 2 connects the side chains of glutamlne (glutamic acid 
respecttvely) and cysteine via glycine and 3-aminopropan-14hiol. This, compound 
represents an antagonist for the interieuldn-2 receptor. 



Example 3: 



XsHomoc^telne. 



T^K-K-T-Q-L-Q-L-E-H-Q-L— L-D-L— Q-M-X— L-N-G-l— N-N 

Th© bridge in example 3 connects the side chains of glutamlne (glutamic add 
respectively) and homocysteine via glycine and 2-aminoethanth)oL This 
compound represents an antagonist for the interteukin-2 receptor- 



Example 4: 



Ax 



T— K-K— T-Q-L-Q-L— e~H-N-L— L— D-L-Q-M-C—L— N-G— I— N-N 
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The bridge In example 4 connects the side chains of asparagine (aspartic add 
respectively) and cysteine via beta-alanine and 3-aniinopropan-1 -thiol. This 
compound represents an antagonist for the lnterieukln-2 receptor. 

Example 5: 



T-K-K-T-Q-L-Q-L-E-H-Q-L-L-D-L-Q-M-X-L-N-G-l— N-N 

The bridge in example 5 connects the side chains of glutamine (glutamic acid 
respectively) and homocysteine via 5-aminopentan-1-thiol. The bridge backbone 
ist substituted with a sidechain containing tuvo hydro9qrl groups to improve the 
solubility of the compound. 

This compound represents an antagonist for the interieukin-2 receptor. 
Example 6: 




o 



T-K-K-T-Q-L-Q-L-E-H-K-L-t-D-L-Q-M-X— L-N-G— I— N-N 
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The bridge In example 6 connects the side chains of lysine and homocysteine via 
3-thlopropionic acid. This compound represents an antagonist for the tnterteuldn-2 
receptor. 

Example 7: 



A-Q^Q— F— H-R-H-K-Q-C— I— R— F— L— K-R-Q— D-R— N— L-W-G— L— A 

The bridge In example 7 connects the side chains of cysteine and glutamine 
(glutamic add respecflv^y) via beta-alanine and 2-aminoethanthiol. This 
compound represents an antagonist for the interteuWn-4 receptor. 

Example 8: 



A-Q-Q-F-H-R-H-K-Q-L— I— R-F-C-K-R— L-D-R— N-Q-W-Q-L— A 



H 




OH 
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The bridge in example 8 connects the side chains of cysteine and glutamine 
tglutamic acid respectively) via omega^minohexanthiol which is glycosylated to 
improve the pharmacokinetic properties of the compound. This compound 
represents an antagonist for the interleulun-4 receptor. 



Example 9: 




Example 10: 



9 

A-P-p-R-L-l-C-D-S-R-V-X^B-R-Y-L-L-E-K-K-E-A-E-K-l-T 
The bridges In example 9 and example 10 connect * the side chains of 
homocysteine and lysine via 4-thlobutyric add. This compounds represent binding 
molecules for the erythropoietin receptor. 
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Claims 

1. PepUdte compound having covalently closed bridge structures, which 
branch off from suitable amino add side chains of a peptidic binding 
molecule with alpha-helical confbmiation and which connect at least two 
amino acid side chains of this peptide, thereby stabiliang the bridged part 
of the helix and being characterized by ^e presence of at feast one amide 
(peptide) bond and at least one disulphide bridge, which both Ibrni part of 
the bridge bacicbone. 

2. Compound according to claim 1, and represented by the molecules covered 
by the generic fbnnula (1 ), 

Formula (1): 

(CO) - (NW) - (CWa) b- (CO) - (NW) - (CWz) e-S-S 

I I (1) 

i I 
X- (NH) - (CH) - (CO) Y (NH) - (CH) - (CO) -Z 

wherein X is hydrogen or any amino add or any peptide or any compound 
represented by formula (1), (2) or (3), Y is any amino acid sequence 
consisting of six amino acids, Z is hydroxy! or any amino add or any 
peptide or any compound represented by formula (1). (2) or (3): a. b. c and 
d are independently selected ftom the integers 1 to 3, prodded that the 
sum a+b-t-o+d is any integer in the range from 5 to 9, at each independent 
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position of W. W can be freely chosen from hydrogen, a hydroxyl-, 
carboxyt- or amino group, an ail^ moiety vyrith at least one hydroxyl-. 
carboxyl' or amino group, a polyelhyleneglycol moiety, or a naturally 
occuning or aitifidal sugar molecule, and the peptides can consist of 
natural and/or unnatural D< and/or L-amino adds. 

3. PepUdic compound according to daim 1. and represented by the molecules 
covered by the generic formula (2): 



(C6) - (NW) - (CWg) b-S-3 
I I (2) 

I I 
X- (MH) - (CH) - (CO) -Y- (HH) - (CH) - (CO) -Z 

wherein X Is hydrogen or any amino acid or any peptide or any compound 
represented by formula (1). (2) or (3). Y is any amino add sequence 
consisting of six amino acids, Z is hydroxyl or any amino acid or any 
peptide or any compound represented by fonmula (1), (Z) or (3), a, b and d 
are independently selected from the integers 1 to 5, provided that a+b+d is 
any integer in the range ftom 7 to 1 1 ; at each independent position of W, W 
can be freely chosen from hydrogen, a hydroxyl-. carboxyl- or amino group, 
an alM moiety with at least one hydroxyl-. carboxyl- or amino group, a 
polyethyleneglycot moiety, or a natwraiiy occurring or artificial sugar 
molecule, and the peptides can consist of natural and/or unnatural D- 
and/or L-amino adds. 
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4. PepBdfc compound according to daim 1. and represented by the molecules 
covered by the generic foimula (3): 
(NW) - (CO) - (CWg) b-S-S 

I I 

X- (NH) - (CIT) - (CO) -Y- (NH) - (CH) - (CO) -Z 

Wherein X is hydrogen or any amino acid or any peptide or any compound 
represented by fbmwia (1), (2) or (3), Y is any amino acid sequence 
consisting of six amino acids. 2 is hydroxy! or any amino acid or any 
peptide or any compound represented by formula (1). (2) or (3), a. b and d 
are independently selected from the integers 1 to 5, provided that a+b+d is 
any integer in the range from 7 to 1 1 . at each independent position of W, W 
can be freely chosen from hydrogen, a hydroxyl-, carboxyl- or amino group, 
an alkyi moiety with at least one hydroxyl-. caiboxyl- or amino group, a 
polyethyleneglycol moiety, or a naturafly occurring or artiiicial sugar 
molecule, and the peptides can consist of natural and/or unnatural D- 
and/or L-amino adds. 

5. Peptidic compound according to daim 1. and represented by the molecules 
covered by the generic formula (4): 

S-S- (CWa) (MW) - (CO) - (CW2) «- (MM) - (CO) 
(CW2)* (ck). 
X- (NH) - (CH) - (CO) (^H) - tCH) - (CO) -Z 
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Wherein X is hydrogen or any amino acid or any peptide or any compound 
repTBsented by Ibnnula (1) to (2). Y is any amino acid sequence consisting 
of six amino acids, Z is hydroxyl or any amino acid or any pepdide or any 
compound represented by formula (1) to (6), a. b, c and d are 
independently selected from the integers 1 to 3. provided that a+b+c+d is 
any integer In the range from 5 to 9, at each independent position of W. W 
can be freely chosen from hydrogen, a hydroxy!-, carboxyl- or amino group, 
an alkyi moiety with at least one hydroxyl-. carboxyl- or amino group, a 
polyelhyleneglycol moiety, or a naturally occurring or artificial sugar 
molecule, and the peptides can consist of natural and/or unnatural D- 
and/or L-amino acids. 

6. Peptidic compound according to daim 1 . and represented by the molecules 
covered by the generic fomnula (5): 



S-S- (CWg) b- (NW) - (CO) 

I I 

fCWa)^ (CW2)a 
I I 
X- (NH) - (CH) - (CO) -Y- (NH) - (CH) - (CO) -Z 



(5) 



vtfherein X is hydrogen or any amino acid or any peptide or any compound 
represented by fomiula (1) to (6), Y is any amino acid sequence consisting 
of six amino adds, Z is hydroxy! or any amino acid or any peptide or any 
compound represented by formula (1) to (6), a, b and d are Independently 
selected from the Integers 1 to 5. provided that a+b+d is any integer in the 
range from 7 to 11. W is hydrogen, a hydroxyK liarboxyl- or amino group, 
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an alkyi moiety wKh at least one hydroxyl-, carboxyl- or amino group, a 
peptidQ of maximally 30 amino adds, a poiyethyfeneglycol mofoty. or a 
naturally occuriing or artifical sugar molecule and the peptides can consist 
of natural and/or unnatural D- and/or L-amino acids. 

Peptldic compounds according to daim 1. and represented by the 
molecules covered by the generic formula (6): 



S-S- (CWa) b- (CO) - (NW) 

' I (S) 

(CW2)d (CW2)a 

• I 
X- (NH) - (CH) - (CO) -Y- (NH) - (CH) - (CO) -Z 

Wherein X is hydrogen or any amino add or any peptide or any compound 
represented by fbmiula (1) to (6), Y is any amino add sequence consisting 
of six amino adds. Z is hydroxyl or any amino add or any peptide or any 
compound represented by fonnuia (1) to (6). a. b and d are independently 
selected from the integers 1 to 5, provided that a+b+d is any integer in the 
range from 7 to 11. at each independent position of W, W can be freely 
chosen from hydrogen, a hydroxyl-. carboxyl- or amino group, an alkyI 
moiety with at least one hydroxy!-, carboxyl- or amino group, a 
polyethyleneglycol mdety. or a naturally occurring or artifidal sugar 
molecule, and the peptides can consist of natural and/or unnatural 
D- and/or L-amino adds. 
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8. Peptidic compound according to claims 1* 7, binding to the interieukin 2 
receptor and containing the stabilized peptide sequence 
TKKTQLQLEHKLLDLQMXLNGINN In a helical conformation/ where X 
stands for homocysteine and two helical turns are bridged by a backbone 
according to claims 1-7; thereby Including non-exolustvely the sequences 
and structures (a- f) as follows: 

7^ ■ s. 

T— K— K— T-Q-L— Q— L— E— H-Q-L— L— D— L— Q-M-C— L— N-G— I— N-N 



I 

T-K-K— T-Q-L-Q-L— E-H-Q-L— L-D-L-Q-M-C— L— N-G— I— N-N 



C^NH • S^^ 

X 8 Homocysteine 



HN 




D-L— Q-Mt-X— L-N-G— I— N-N 
O 



^j) T— K— K— T— Q-L— Q-L— E— H— N— L— L— O— L— Q-M-C— L— N-G— I— N-IM 
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OH 




OH 



O^NH s^^ ;?»HomoQfStalne 

, ) T-K-K-T-Q-L-Q-L-E-H-Q-L-L-D-U'Q-M-i-L-N-G-l-N-N 



X 9 Homocysteine. 



f ) T-K-K-T-Q-L-^-L-E-H-K-L-L-D-L-Q-M-A-L-N-G-l-N-N 

9. Peptldlc compound according to Claim B, in which the bridging structure is 
shifted along the peptide sequence in such a way that binding to the 
interieuidn 2 receptor is maintained and another part of the overall helical 
structure is bridged by the construct 

10. Peptidic compound according to claims 8 and 9. in which at least one 
amino acid of the peptide sequence Is replaced by physicochemicaily 
related natural or non-natural amino acids in a conservative exchange, 
which maintains the binding of the peptide to the Interieuitin 2 Receptor. 

11. Peptidic compound acconJing to claims 8 -10. which are N- and/or C- 
terminally modified In such a way that the binding of the peptide to the 
Interleukin 2 receptor is maintained and/or water solubility is improved 
and/or that exopeptidases can not cleave at the terminal sites, whereby 
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terminal modifications include non-natural amino acids, D-amino acids, 
sugar moieties or freely chosen appropriate oiganic moieties. 

Pharmaceutical preparations containing an active ingredient according to 
daims 8-1 1 and intended for use in humans or animals as an antagonist of 
the action of the cytoldne Interleulqn 2. 

Peptidic compound according to daims 1-7, binding to the interleuldn 4 
receptor and containing the stabilised peptide sequence 
AQQFHRHQCIRFLKRQDRNLWGLA In a helical conformation, wherein two 
helical turns are bridged by a backbone according to daims 1-7; tfiereby 
including non-exciusively the following sequence and structure (g): 



-Q-F-H-R-H-K-Q-C— I— R-F— L— K-R-Q— D-R— N— L-W-G-L— A 
Peptidic compound according to Claim 13, In which the bridging structure is 
shifted along the peptide sequence in such a way that binding to the 
interleukln 4 receptor is maintained and another part of the overall helical 
structure is bridged by the construct 
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ls. Pepfidic compound according to dafms 13-14, in which at least one amino 
add of VtXB peptide sequence Is replaced by physicochemicaDy related 
natural or nornnatural amino acids in a conservative exchange, which 
maintains the binding of the peptide to the Interleukin 4 Receptor. 

19. Peptidic compound according to claims 13-15, which are ^s|- and/or O 
tenmlnally modified in such a way that the binding of the peptide to ttie 
Interleukin 4 receptor is maintained and/or water solubility is improved 
and/or that exopeptidases can not cleave at the terminal sites, whereby 
terminal modifications include non-natural amino acids, D-amino acids, 
sugar moieties or freely chosen appropriate organic moieties. 

17. Pharmaceutical preparations containing an active ingredient according to 
claims 13*16 and intended for use in humans or animals as an antagonist 
of the action of the cytokine Interleukin 4. 

18. Peptidic compound according to claims 1- 7. binding to the erythropoietin 
receptor and containing the stabilised peptide sequence 
APPRLICDSRVLERYLLEXKEAEKIK in a helical conformation, wherein two 
helical tums are bridged by a backbone according to claims 1-7; thereby 
including non-^cclusively the following sequences and structures (h-i): 
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A-P-P-R— L— I— C-D-S-R— V— L— E-R-Y— L— L— E—X-K— E— A-E— K-— I— K 

i) 




A-P-P-R-U— I— V-X-E-R-Y— L— L-E-K-K-E— A-E— I— T 

19. Peptidic compound according to Claim ia« in which thQ bridging stnjcture is 
shifted along the peptide sequence in such a way that binding to the 
erythropoietin receptor is maintaihed and another part of the overali helical 
structure is bridged by the construct 

20. Peptidic compound according to claims 18-19, in which at least one amino 
acid of the peptide sequence is replaced by physicochemically related 
natural or non-naturai amino acids in a conservative exchange, which 
maintains the binding of the peptide to the erythropoietin receptor 

21. Peptidic compound according to claims 16-20. which are N- and/or C* 
tenninally modified in such a way that the binding of the peptide to the 
erythropoietin receptor is maintained and/or water solubility Is improved 
and/or that exopeptidases can not cleave at the terminal sites, whereby 
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terminal modifications include non-natural amino acids. D-amIno acids, 
sugar moieties or freely chosen appropriate organic moieties. 

22. Pharmaceutical preparations containing an active Ingredient according to 
claims 13-16 and intended for use in humans or animals as an agonist of 
the action of the cytokine erythropoietin. 

23. Mono- and polyclonal antitXMrlies to the substances covered by Claims 1-23, 
and the use of such antibodies in diagnostic and pharmacological 
quantification and/ or inhibition of action of the active substances in body 
fluids or tissues of animals or humans, 

24. PepHdic compound accoiding to claims 1-1 1 , 13-16, 18^1. in which the N- 
• terminal amino acid is acetylated and/or the Q-terminal amino acid is 

amidated. 
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Abstract 

The present invention therefore presents modules, from which helical constraints 
can be built by very flexible strategies. The peptide bonds Involved partSally 
compensate the hydrophobic nature of the disulphide bonds, which are also 
included Into the constraint strategy. Thus, the invention presents solutions, by 
means of which peptide bonds or closure of disulphide bridges can be used 
alternatively for closure of the constraint. This offers greater synthetic flexibility. 
Moreover, the peptide bonds are more hydrophilic than disulphide bridges alone 
and offer the advantage of better solubility of the product in an aqueous 
surrounding. It is possible to attach solvation tags like glycosyl moieties, 
polyethylengiycol or other suitable extensions or appendices to the helical 
constraint structure. Usually, such a hydrophilic helical constraint structure 
replaces two hydrophobic amino acid side chains and' thus improves 
pharmacologic properties of the molecule. 
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